The Fast-steering Secondary Mirror (FSM) of Giant Magellan Telescope (GMT) consists of seven 1.1 m diameter circular segments with an effective diameter of 3.2 m, which are conjugated 1:1 to the seven 8.4 m segments of the primary. Each FSM segment contains a tip-tilt capability for fast guiding to attenuate telescope wind shake and mount control jitter by adapting axial support actuators. Breakaway System (BAS) is installed for protecting FSM from seismic overload or other unknown shocks in the axial support. When an earthquake or other unknown shocks come in, the springs in the BAS should limit the force along the axial support axis not to damage the mirror. We tested a single BAS in the lab by changing the input force to the BAS in a resolution of 10 N and measuring the displacement of the system. In this paper, we present experimental results from changing the input force gradually. We will discuss the detailed characteristics of the BAS in this report.
INTRODUCTION
The Giant Magellan Telescope (GMT) is a 25-meter ground-based optical/infrared extremely large telescope which is featured with two Gregorian secondary mirrors, an Adaptive Secondary Mirror (ASM) and a Fast-steering Secondary Mirror (FSM) [1] . The FSM and ASM segments share a common optical prescription and a common interface with the M2 positioning system. The FSM consists of seven 1.1 m diameter circular segments with an effective diameter of 3.2 m, which are conjugated 1:1 to the seven 8.4 m segments of the primary. Figure 1 shows a conceptual diagram of the assembled FSM at top end structure [2] . The FSM will be the first implemented secondary mirror on the GMT. It will be used in the initial engineering phase and commissioning of the telescope. It will also be used for seeing-limited observations at times when the ASM needs to be removed for maintenance or repair [2] .
FSM segments are capable of producing rapid, small tip-tilt motions to compensate for wind-induced vibration and tracking jitter by adapting axial supports [3] - [5] . This tip-tilt capability thus enhances the performance of the telescope in the seeing limited observation mode. Each segment is held in three axial supports and a central lateral support with a vacuum system for pressure compensation as shown in Figure 2 (a). The axial supports represent a solid link between the mirror and mirror cell and constrain three degrees-of-freedom: tip, tilt, and piston (local z-axis). Figure 2( Breakaway system(BAS) will be installed at the contact place of the back surface of the mirror as shown in Figure 2 . The breakaway system is a safety device to avert any possible physical damage on the mirror against a sudden impact or seismic acceleration. When an earthquake or other unknown shocks come in, the springs in the system should limit the force along the axial support axis not to damage the mirror. The springs would disconnect the axial support and the mirror body only if an external force greater than the designed preload. The BAS design has a balancing feature with sets of springs in push and pull.
We carried out a single BAS test for Fast-steering Secondary Mirror Prototype(FSMP) in the lab, instead of making a system for FSM. We verified the systematic performance of the inner and outer spring system through the experimental result of BAS for FSMP. We changed the input force to the BAS in 10 N resolution and measuring the displacement of the system up to 1000 N. In section 2, we briefly explain the working mechanism of the BAS and describe the setup for push and pull test. In section 3, we present the lab results and discussions of the current BAS and test setup. We conclude briefly in section 4.
EXPERIMENTAL SETUP

Breakaway System
The role of a BAS is to prevent the mirror from translation movement due to an earthquake or another event. Determine a spring specification such as spring preload, spring constant, the deflection length is a key factor for successful operation of BAS. Figure 3 shows a definition of spring dimensions [6] . The free length is the spring length without any load on the spring. When a force is adapted to the spring, the variation of the spring length is the total deflection length and the difference of the free length and the total deflection length is the compressed length. The maximum preload is the breakaway force. The restoring force increases with the breakaway travel. The requirement of the preload of the spring is one to three times of gravity force of mirror [7] . The mass of the mirror is nearly 100 kg and there are three axial support in the FSM [3] , [4] , [8] . The preload range for single BAS is from 333N to 999N. Figure 3 . Definition of the spring part [6] .
Figure 4(a) shows a BAS design for the FSM and Figure 4 (b) shows a section view of the BAS. It consists of upper and lower part with springs. FSM is located between lower and upper part. The spring in the upper part is to protect the FSM for downward force and the springs on the lower part is for upward force. Those springs shrink when the external force is larger than the preload of the spring to protect the mirror from unintended up and down movement. The red arrows in Figure 4 (b) shows force direction on the working spring part. When the downward force, which is larger than preload of the inner spring, is coming to the FSM, the inner spring in the upper part starts to shrink. When the upward force is coming to the FSM, the outer springs on the lower part start to shrink. Therefore, the upper part and the lower part will be detached.
We revised the initial BAS design simply to make the assembly procedure easier between FSMP dummy mirror and axial support. Figure 4 shows the initial BAS design for FSM and Figure 5 shows the revised BAS design for FSMP. The red arrows in Figure 5 (b) shows force direction on the working spring part. The BAS design for FSMP is slightly different from the BAS for FSM, but the role of the BAS and the operation principle is the same as in both designs. The only difference is that the position of the inner spring and outer springs are opposite sides in the revised design.
There is a one inner spring in the lower part. This spring shrinks when a force makes the mirror and the mirror cell close to each other. The entire length of the axial support is reduced in this case. The model of the inner spring is MISUMI's SWB 16-25 as shown in Figure 6 (a). The designed spring constant is 196N/mm, and the free length is 25 mm [9] . We set the compressed length of the inner spring is 22 mm to meet the requirement. The preload is 588 N calculated by 196N/mm * (25-22) mm. There are six outer springs in the upper part. The outer spring is shortened when a pulling force, which makes the mirror and the mirror cell farther away, applied to the mirror. The entire length of the BAS is extended in this case. The model of the outer spring is Century's D-1101 as shown in Figure 6 (b). The spring constant is 9.81N/mm and the free length is 25.4 mm [10] . We set the compressed length of the inner spring as 17.4 mm, Therefore, the preload is 470 N calculated by 9.81N/mm * (25.4-17.4) mm * 6. 
Testbed Setup
The purpose of testing the BAS for FSMP in the lab is to verify the stiffness of the springs when a force is applied to the system. If the force is larger than a preload of the system, the BAS should be extended or reduced to protect the mirror from the force. Otherwise, the total length of the BAS will be same because the input force is less than a preload force. We can estimate whether the system works or not by measuring the length of the BAS with the input force. After we get the data at this configuration we will add axial support and see the performance of the BAS with the same condition. Figure 8 shows a jig design for holding the BAS module to a tensile test machine. Figure 9 shows assembled BAS module for the lab test. Figure 10 shows test configuration of the BAS with the tensile test machine. We are using this test machine to input variety of forces to the BAS and record the length variations of the BAS. The cylindrical part of the upper and lower jig is attached to the upper and lower clipper of the tensile test machine. There is a load cell at the top of the upper clipper on the tensile test machine. We can record the current force through the load cell. We can also record the current position of the machine through the position sensor in the machine at the different tensile force simultaneously. Therefore, we can notice the length variation of the BAS when the force is larger than a preload of the springs.
We are considering two types of the input force. One is a gradual increase the force by 10 N tension from 0 N to 1000 N. From this measurement we could check the mechanical properties of the BAS under experimental condition. The other is an impulse or sinusoidal force to simulate an earthquake or other unknown shocks. This condition is similar to an unexpected case in real operation. However, we don't have a facility to check this condition. Instead of doing the experiment we will perform a simulation to examine the BAS under impulse and sinusoidal force. 
RESULTS
We carried out a tensile test in the lab to verify the performance of the BAS in the various input force. We got displacement data at push and pull input force. We changed the input force gradually to the BAS in 10N resolution. Figure 11 shows displacement variation at the pushed force and Figure 12 shows displacement variation at the pulled force with five different measurements. Mea.1 to Mea.5 in the legend box represents measurement data set of each case. Average of five data set also included in these figures. For the pushed force case, the measurement condition was very stable, therefore the deviation of the data set is less than 10 μm, there is one inflection point and all the data look overlap. For pulled force case, the displacement deviation is less than 600 μm, each data set is distributed more widely compared to compression case and there are two inflection points.
We can determine the preload from these figures where the displacement change dramatically. The measured preload of the inner spring, which is for compression, is 718N which is an averaged value of five different cases. The position of the preload indicated in Figure 11 . The measured preload of outer spring, which is for tension, starts to varying at 370 N. The displacement sharply increased at 604 N. Table 1 shows designed and measured preload at inner and outer springs. The maximum difference of the preload for tension is 110N. The designed preload for inner spring was 588 N and outer spring was 470 N. The measured preload is higher than the designed value in both inner and outer springs.
Preload: 718 N
We calculated spring constant of the inner and outer springs in the BAS to verify the difference of the designed and measured preload. When the input force is larger than preload, BAS is connected to the spring only. Therefore, we can measure the spring constant of the BAS at this force range. Table 2 shows designed and measured spring constant of the inner and outer springs.
We can estimate the deflection length of the inner and outer spring from the measured preload and spring constant. The designed deflection length could be calculated from preload of the spring divided by spring constant. The designed deflection length for inner spring is 3 mm and outer spring is 8 mm. We could not measure this length directly, instead, we measure free length of the spring and compressed length of the spring. From these data, we can calculate the actual deflection length of those springs.
The free length of the spring measured before assembled those springs to the BAS module without any input force. Table  3 shows free length and compressed length of the spring of designed and measured value. The difference of free length and compress length is the actual deflection length of those springs. The deflection length of the inner spring is 2.5 mm. The measured value is like the estimated length. All the free length of the outer spring is not the same. The average free length of the outer spring is 26.5 mm, therefore the deflection length for the experiment will be like 8.5 mm. The designed deflection length of outer spring is smaller than the length of the experiment. From the experimental result, the measured preload is not the same as the designed preload. First, the measured spring constant is larger than the designed spring constant as shown in Table 2 . If the deflection length were the same as designed length, the preload for the experiment will be always larger than designed preload. Second, the measured free length of the spring was not the same as the design specification as shown in Table 3 . The free length of the inner spring is 0.5 mm shorter than designed spring. The free length of the outer spring is approximately 1.1 mm longer than designed spring. Also, the designed compressed length of the outer was 17.4 mm, but the measured compressed length of the spring was 18 mm. Because the designed compressed value for previous design level was 18 mm. We used previously designed equipment to compress the springs. Therefore, the deflection length of the inner spring is 0.5 mm shorter than the designed one and the length for outer spring is 0.5 mm longer than the designed value. It should be affected to the different preload of the BAS. Moreover, all the free length of the outer spring was not identical. The force distribution to the outer part will not be uniform. This will be a possible error source of the gradual displacement variation around preload.
CONCLUSION
We performed BAS test for FSMP with varying the pushed and pulled input force. The main purpose of this experiment is testing the working condition of BAS. We measured the displacement of the BAS at each force. From the displacement and force relation, we can estimate preload, spring constant and deflection length of the current setup to study the characteristics of the system. The intended preload for inner spring is 588 N and outer spring is 470 N. The measured preload for inner spring is 718N and outer spring is 604 N. The main error source is the specification of those spring is not identical between factory catalog and actual measurement.
However, we can clearly see the BAS is working well when the input force is larger than preload. Because the displacement curve changes dramatically at preload point of experimental condition. The system should be detached when the input force is larger than preload because of the inner or outer spring shrinks. Therefore, the total length of the BAS was shrink or extend. Otherwise, the total length of the BAS would be same because the input force is less than a preload force. The actual length of BAS changed sub-mm level in this force range. We can estimate the working performance of the BAS for FSM through the experimental result of BAS for FSMP. We convinced the BAS for FSM will working well when the force is larger than 700 N to single axial support.
We are preparing next experiment, which will be resolved the above errors. We will check the spring specification before we put the BAS to the tensile test machine. The spring length for outer one should be identical. After that, we can clearly adjust the test result to design BAS for FSM. We are also preparing a simulation when impulse force and periodic force is coming to the breakaway system to represent an earthquake motion. In the detailed design phase, a full-scale prototype of the mirror cell and an aluminum dummy mirror will be fabricated and tested to check the feasibility and repeatability of the assembly and disassembly procedure.
